The susceptibility of newborn and infant mice to eye infection by Pseudomonas aeruginosa was studied in 5-, 10-, 15-to 16 -, and 21-day-old mice. In the first of three age-related susceptibility experiments, inoculation of P. aeruginosa under the unopened eyelids of infant (5-and 10-day-old) 
subsequent phthisis bulbi. None of the infected mice died of bacteremia. In addition, mice infected in the absence of corneal wounding did not exhibit any eye damage. In the third experiment, the wounded-cornea responses of 21-dayold mice to P. aeruginosa were more variable. Thirty seven percent of the mice exhibited an intermediate response of decreased eye size and cataracts which was not observed in 15-to 16-day-old mice, 32% recovered spontaneously, and 29% exhibited complete shrinkage of the infected eyes. The variability of the latter responses may reflect a transitional maturation period of natural immunity to the organism in some of the animals, since all 4-to 6-week-old adult mice respond routinely to ocular wounding and similar infections with the organism by undergoing a spontaneous resolvable keratitis (3 to 4 weeks).
Previously, it has been demonstrated that Pseudomonas aeruginosa cannot infect normal eyes of experimental animals unless corneal abrasions precede the bacterial insult (6) . Such experiments with P. aeruginosa in our laboratory have shown that corneas of adult SwissWebster mice (4 to 6 weeks old) respond to intracorneal wounding and topical application of the bacteria with detectable opacity within 18 to 24 h. The keratitis remains localized, does not spread to the uninfected eyes, and resolves spontaneously within several weeks (6) . Direct (6) . In the latter mice (46 animals), bacterial suspeinions (final concentrations, 104 to 10" CFU) were delivered similarly onto unwounded corneas. Control animals (two litters, 25 mice) received sterile saline topically onto either wounded or unwounded corneas as described. Corneas from all mice were examined visually with a x40 stereoscopic microscope.
In the third experiment, 21-day-old, weaned mice received 106 to 10" CFU topically onto wounded (37 mice) and unwounded (34 mice) corneas (as described for experiment two). Saline controls (15 mice) were treated as described above.
Each of the three individual experiments was repeated three times with similar numbers of litters.
Blood cultures. Animals were anesthetized with ether and exsanguinated from the axillary vessels. Blood was cultured in broth (5% peptone, 0.25% Trypticase soy) and subcultured at 24 h on tryptose agar plates at 370C. The identification of P. aeruginosa was confirmed by cultural characteristics and inoculation of Oxi-Ferm tubes. RESULTS Experiment 1. In the first experiment, 5-and 10-day-old mice were infected under the eyelids with varying numbers of P. aeruginosa. Care was taken to avoid trauma to the ocular surfaces. Table 1 shows the response of 5-day-old mice infected with 2.0 x 105 to 2.5 x 105 CFU. Six litters (75 mice) were infected under the unopened lids. Those receiving 2.5 x 105 CFU unexpectedly died of severe bacteremia and were cannibalized by the mother within less than 24 h after infection. The percentages of surviving mice at 24 to 48 h after infection with 2.5 x 104 or 2.5 X 103 CFU were 13.3 and 76.4%, respectively. Lower numbers of bacteria failed to produce bacteremia or death in any of the mice. Consequently, the 48-h 50% lethal dose was found to be 6.6 x 103 CFU. Observations of eyes of surviving animals (at 14 to 15 days, when eyelids opened) showed no visible abnormalities in either controls or lower-dose-infected (2.0 x 102 to 2.5 x 102 CFU) mice. On the other hand, 30% (4/13) of the surviving mice infected with at least 2.5 x 103 CFU exhibited corneal opacity, with eventual endophthalmitis and eye shrinkage (phthisis bulbi). Pure cultures of P. aeruginosa were obtained from the blood of surviving 5-day-old mice at 24 h after infection. Table 1 also shows the response of 10-day-old (six litters of 87 mice) mice infected with 2 x 105 to 2.5 x 105 CFU under the unopened eyelids. Those receiving 2.5 x 103 to 2.5 x 105 CFU of bacteria died of severe pseudomonas bacteremia within 24 to 48 h after infection. The percentage of surviving mice A h after infection at 2.5 x 105 CFU was 17%, at 2.5 x 104 it was 19%, and at 2.5 x 103 it was 85%. Lower numbers of the bacteria (2.0 x 102 to 2.5 X 102 CFU), on the other hand, failed to produce bacteremia or death of any of the mice. Calculation of the data as listed in Table 1 yielded a 48-h 50% lethal dose of 1.1 x 104 CFU. Visual observation of eyes in surviving mice at the time the lids opened showed no abnormalities in control or lower-dose animals. Most of the surviving mice (2/3 at 2.5 x 105; 2/3 at 2.5 x 104 CFU) infected with greater numbers of the organism, however, showed corneal opacity, endophthalmitis, and, eventually, shrunken old animals. Phthisis bulbi production in 15-to 16-and 21-day-old mice was examined for independence of response at 106 to 108 CFU by the chi-square test (Tables 2 and 3 ). Only the values for 108 CFU were statistically significant, with a P < 0.005. At 106 and 107 CFU, the differences were not significant even at P < 0.05. DISCUSSION In recent years (18, 19) it has been shown that attainment of immunological competency in some species may occur well before birth, whereas in others, such as laboratory rodents, this condition is achieved only after birth (16) . It is significant that the immunological apparatus does not seem to mature as a single event that endows the young animals with an active defense against all types of antigens. Thus, an antigenic stimulus such as an infectious agent, which may be relatively innocuous to adults, could prove devastating to infant or immature animals (1, 14) .
Although mice are considered to lack systemic immunocompetency only on the first postnatal day (16), the present study has shown that the ability to resist P. aeruginosa infection in young animals is not effectively developed in eyes until as late as 21 days after birth.
The susceptibility of 5-and 10-day-old mice to injection of P. aeruginosa under the unopened eyelids, in the absence of corneal trauma, was unexpected and resulted in severe bacteremia and death within 24 CFU). The response of 21-day-old mice, on the other hand, was variable, with most animals (38%) exhibiting microphthalmia and cataracts, 30% undergoing phthisis bulbi, and 32% resolving the infection, presenting clear corneas within susceptibility to the organism, as observed in younger mice, to total resistance (with recovery of a clear cornea) to pseudomonas, as reported for adult animals (4, 6, 20) . Adult (30-to 42-postnatal-day Swiss-Webster) mice recover spontaneously from corneal wounding and topical administration of the organism and never exhibit systemic infection or death. Many experimental studies of bacterial-induced endophthalmitis have utilized intraocular trauma and application of bacteria (4-7, 10, 11, 17, 20) . In contrast, other experiments have demonstrated that intravascular (15) and intraperitoneal or intranasal (11) routes of bacterial administration can cause ocular infection. Indeed, exposure to almost any bacterium able to cause severe bacteremia can result in ocular infection (2, 3, 8, 9) . To our knowledge, however, this is the first report of ocular infection induced by injecting bacteria under the unopened eyelid in the absence of trauma to the eye surface.
In conclusion, our study has shown that the ocular response of infant Swiss-Webster mice to pseudomonas infection is strikingly different from the adult response, resulting in bacteremia, death, and ocular infection in some survivors even in the absence of corneal trauma preceding bacterial infection. Further studies to clarify the sequential histopathology of the ocular infection are underway in our laboratory.
